INTRODUCTION {#sec1-1}
============

Cancer is known as a leading cause of death worldwide and has accounted for 7.6 million deaths (around 13% of all deaths) in 2008. Cancer-related deaths are predicted to increase to over 11 million in 2030.\[[@ref1]\] Lung cancer has become the most leading cause of cancer-related death due to the high incidence, rapid progression, and poor prognosis.\[[@ref2]\] It is the major cancer killer and a health care problem worldwide with an overall 5-years survival rate of \< 15%.\[[@ref2][@ref3]\] Currently, chemotheraphy has been widely used for treatment of lung cancer. However, serious side-effects have been reported for some anti-tumor chemotherapeutics. Thus, exploration of new chemicals for treatment of lung cancer is necessary.\[[@ref2]\]

Apoptosis or programmed cell death is an irreversible event initiated by various extra cellular stimuli and is also an important phenomenon in cancer chemotherapy.\[[@ref4]\] Apoptosis has extrinsic and intrinsic signaling pathways. The intrinsic pathway, triggered by intracellular stresses or by deprivation of growth factors, requires disruption of the mitochondrial membrane and release of cytochrome c, the latter functions with apoptosis protease activating factor (Apaf-1) to induce activation of caspase-9, thereby initiating the apoptotic caspase cascade.\[[@ref4][@ref5]\]

Cancer chemotherapeutic drugs are obtained either from natural products or total/semi-synthesis. Over 60% of the drugs in clinical trials for anticancer activity were isolated from natural sources\[[@ref6]\] such as vinblastine from *Catharanthus roseus* (Apocynaceae), taxol from *Taxus brevifolia* Nutt. (Taxaceae).\[[@ref7]\] Apart from a direct antitumoral effect, anticancer agents may contribute to tumor destruction indirectly by stimulating cell-mediated immune responses; altering the amount of ınterferon gamma (IFN-γ), tumor necrosis factor-alpha (TNF-α) and ınterleukin-2 (IL-2).\[[@ref5]\]

Plants and plant products are known to be effective and versatile chemopreventive agents against various types of cancers.\[[@ref8]\] Since traditional background of Anatolian, medicine shows an extensive use of plants as useful pharmaceuticals, Turkey is therefore considered as a promising region for discovery of new plant products. The genus *Ebenus* L. belongs to the family of Fabaceae (subfamily Papilionoideae) and is an Eastern Mediterranean and Irano-Turanian element. *Ebenus* was revised by A. Huber-Morath in the Flora of Turkey.\[[@ref9]\] Due to their close resemblance to *Astragalus* species they are often called with similar vernacular names by the inhabitants. Experimental (*in vitro* and *in vivo*) and clinical investigations on *Astragalus membranaceus* roots, the components of traditional Chinese medicine, have revealed that the extracts to possess significant effects against various types of cancers.\[[@ref10]\] In the present study, therefore, we aimed to investigate the possible *in vitro* cytotoxic, antiproliferative and immunomodulatory effects of hydroalcoholic extracts of *Ebenus boissieri* in A549 human lung cancer cell line. To the best of our knowledge, this is thefirst report indicating any pharmacological properties of *E. boissieri*.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant materials {#sec2-1}
---------------

*Ebenus boissieri* Barbey is a 50 − 60 cm long perennial herb. It has yellow flowers. This plant prefers stony hillsides and steppe from 1200 to 2000 m above the sea level. It is endemic to Turkey, where it only grows in Antalya (Turkey).

The roots and flowering aerial parts of *E. boissieri* were collected from the locality C3 Antalya, Korkuteli district (36° 56' 51''N, 030° 09' 41''E), stony hillsides and steppe about 1290 m above sea level at the middle of June 2008. A voucher specimen is deposited at AKDU (Herbarium of the Biology Department of Akdeniz University) as Gokturk 7201.

Preparation of plant extracts {#sec2-2}
-----------------------------

Either dried roots or aerial parts of *E. boissieri* were powdered and individually macerated in 80% ethanol for 2 days at room temperature. The extracts were then filtered and evaporated to dryness under reduced pressure to yield root extract (20.2% w/w) and aerial part extract (32.7% w/w).

Cell lines and culture conditions {#sec2-3}
---------------------------------

Human lung adenocarcinoma epithelial cell line A549 and human embryo kidney 293T cells were kindly provided by Prof. Dr. OZES (Akdeniz University, Faculty of Medicine, Antalya, Turkey). A549 cells were cultured in Dulbecco\'s Modified Eagle\'s Medium (Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS), 10 μg/mL gentamicin and 5% sodium pyruvate. 293T cells were maintained in RPMI 1640 supplemented with 10% FBS, 100 mg/L streptomycin, and 100 mU/L penicillin. The cells were incubated in 5% CO~2~ with 95% humidity at 37°C.

Cell proliferation assay {#sec2-4}
------------------------

Cell proliferation was assessed using a CellTiter 96 aqueous nonradioactive cell proliferation assay (Promega, Madison, WI, USA), which is based on the cleavage of 3 -(4, 5 dimethylthiazol -2 -yl) -5 -(3 -carboxymethoxy -phenyl) -2 -(4 -sulfonyl) -2H -tetrazolium into a soluble, yellow formasan salt. The cells were seeded at 1 × 10^4^ cells/well in 200 μL complete medium onto 96 -well plates and allowed to attach for 24 h. After the cells had reached 80--90% confluency, the medium was removed, washed with phosphate -buffered saline (PBS). Subsequently, cells were treated with various concentrations (0.01--1000 μg/mL) of hydroalcoholic aerial and root extracts prepared in 1% FBS containing complete medium. As positive control, the cells were treated with a cytotoxic drug, doxorubicin -HCl. Each treatment was performed in eight well replicates. The cells were grown at 37°C for time course (24 h, 48 h and 72 h). The medium was gently aspirated to terminate the experiment and 180 μL serum free complete medium and 20 μL of 3 -(4, 5 -dimethylthiazolyl -2) -2, 5 -diphenyltetrazolium (MTT) were added to each well for 4 h. The absorbance at 490 nm was measured in a microplate reader (Thermo Labsystem Multiscan Spectrum, Thermolabsystem, Chantilly, VA, USA), using wells without cells as background. The sample readings calculated by subtracting the average of background absorbances. All experiments were performed at least four times. The half -maximal inhibitory concentration (IC~50~) of each extract was derived by a nonlinear regression model (curve -fit) based on sigmoidal dose response curve (variable slope) and computed using Graph -Pad Prism, version 4.00 (Graph -Pad Software, San Diego, CA). The growth inhibition was determined using: Growth inhibitory activity (%) = (1 − \[OD value of sample/OD value of control group\]) ×100%.

Cell viability {#sec2-5}
--------------

The live/dead viability/cytotoxicity kit for Mammalian cells (Invitrogen, Eugene, OR, USA) was used to determine cell viability. Briefly, the cells were seeded at 1 × 10^4^ cells/well in 200 μL complete medium on to 96-well plates and allowed to attach for 24 h. The same protocol described above was used for treatment of the cells with the extracts. Cells were dually stained with two probes (calcein-AM and EthD-1) to simultaneously determinate live and dead cells in a sample. Fluorescent intensity was measured on a LS55 luminescence plate reader (PerkinElmer Inc., Waltham, MA, USA) at 485--530 nm excitation and 630--645 nm emission wavelengths. The experimental data was pooled and used for statistical comparisons using Student\'s *t*-test.

Trypan blue exclusion was used to verify results. Cells were plated on the 12-well plates at a cell density of 5 × 10^4^/well, in 1 mL of complete medium and allowed to attach in a CO~2~ incubator for 24 h. Cells were treated with the extracts and at the end of each experiment, the cells were collected by trypsinization and cell viability was assessed by a hemocytometer using standart trypan blue (0.4% in PBS) exclusion staining. The percentage of viable cells (%) was calculated as; (\[the number of live plus dead cells -- the number of dead cells\]/the number of live plus dead cells) ×100%.\[[@ref5]\]

Multi-caspase assay {#sec2-6}
-------------------

ApoTarget caspase colorimetric protease assay sample kit (KHZ1001, Invitrogen Corp., Camarillo, CA, USA) was used to determine the activity of caspase-2, 3, 6, 8 and 9. Treated and untreated cells (5 × 10^5^ cells/well in 6-well plate) were collected and transferred into sterile test tube and lysed using the cell lysis buffer supplied. Samples (50 μL) of the lysate were aliquoted into wells of a standard black 96-well microplate, to which 50 μL of reaction buffer containing 10 mM dithiothreitol were then added to the sample wells. The selective substrates used; VDVAD-pNA, DEVD-pNA, VEID-pNA, IETD-pNA and LEHD-pNA substrates for caspase-2, caspase-3, caspase-6, caspase-8 and caspase-9, respectively were added to the appropriate wells (5 μL of 4 mM; final concentration 200 μM) and the plate was then incubated at 37°C for 4 h. The absorbance at 405 nm was measured in a microplate reader (Thermo Labsystem Multiscan Spectrum, Thermolabsystem, Chantilly, VA, USA). To determine the change in caspase activity, the absorbance of treated samples compared with untreated control group.

Assay for tumor necrosis factor-alpha {#sec2-7}
-------------------------------------

The concentration of TNF-α in the supernatants of the cells was determined by enzyme linked immunosorbent assay (ELISA) as described by the manufacturer (KHC3011, Invitrogen Corp., Camarillo, CA, USA). Human TNF-α was used as standard, and serial dilutions (1000--15.6 pg/mL) were used to establish the standard curve. Average results from four independent experiments were compared to nontreated and treated cells by measuring the optical density at 450 nm.

Estimation of interferon gamma {#sec2-8}
------------------------------

Release of IFN γ was assayed by a sandwich ELISA Kit (KHC4021, Invitrogen Corp., Camarillo, CA, USA). The detection of IFN-γ in cell culture supernatant was performed according to the manufacturer instructions. Human IFN-γ was diluted (1000--6 pg/mL) and used as a standard to establish the standard curve.

Assay for ınterleukin-2 {#sec2-9}
-----------------------

Release of IL-2 was assayed by sandwich ELISA Kit (KHR0021, Invitrogen Corp., Camarillo, CA, USA). The detection of IL-2 concentrations in cell culture supernatant was performed according to the manufacturer instructions. Recombinant human IL-2 was diluted (8000--1 pg/mL) and used to establish the standard curve.

Western blot {#sec2-10}
------------

Cell homogenates were studied by Standard Western blot techniques. Briefly, 25 μg of homogenate was separated on a 10% acrylamide gel by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride membranes (Hybond-P, Amersham Pharmacia Biotech, Piscataway, NJ) with a semidry transfer apparatus. The membranes were blocked with Tris Buffered Saline-5% milk and then probed with anti caspase-3, anti TNF-α, anti-IFN-γ and anti- IL-2 (sc-2710281, sc-1350, sc-59993 and sc-48545; 1:200, 1:100, 1:100 and 1:100, respectively, Santa Cruz Biotechnology, Santa Cruz, CA, USA). The primary antibody was detected with horseradish peroxidase-conjugated anti-mouse secondary antibody (sc-2005, diluted 1:5000, 1:2000, 1:1000 and 1:2000 for caspase-3, TNF-α, IFN-γ and IL-2, respectively, Santa Cruz Biotechnology, Santa Cruz, CA, USA). The membranes were washed, and blots were developed using an enhanced chemiluminescence Western blotting detection kit(ECL Plus kit, Amersham Biosciences RPN2132, USA) and exposed to X-ray film (Sigma C4729-1EA, Sigma Z363006-50) for 2--30 s. Molecular weight standards (See Blue^®^ Plus2, LC 5925, Life Technologies, USA) were used to determine molecular weights of the visualized bands.

Statistical analysis {#sec2-11}
--------------------

All values are expressed as the mean ± standard error of mean data were analyzed using One-way analysis of variance, followed by Dunnett\'s multiple comparisons test for comparison of group means to control or by the Student\'s *t*-test. (Graph Pad InStat., USA). A *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

*In vitro* cytotoxicity against lung and 293T cells {#sec2-12}
---------------------------------------------------

In order to compare antiproliferative effects of various concentrations of aerial and root extracts (0.01--1000 μg/mL) of *E. boissieri* and doxorubicin-HCl (0.01--1000 μg/mL) on normal cells, *in vitro* growth inhibition ratio of A549 and 293T cells were determined. As shown in [Figure 1a](#F1){ref-type="fig"}, doxorubicin-HCl had significantly inhibited cell growth in the dose and time-dependent manner. The inhibition ratio of doxorubicin-HCl on proliferation of 293T cells enhanced with the concentration and time increase (*P* \< 0.001). The IC~50~ of doxorubicin-HCl was approximately 1.43 ± 0.49, 0.9 ± 0.15 and 0.1 ± 0.02 μg/mL for 24, 48 and 72 h, respectively. Surprisingly, the inhibition ratio of aerial or root extracts (0.01--1000 μg/mL) on 293T cells at was no more than 25%, significantly below that of doxorubicin (*P* \< 0.05) \[[Figure 1b](#F1){ref-type="fig"}\], indicating that these extracts had no direct cytotoxicity to noncancerous cells (*P* \> 0.05). Therefore, we concluded that, the effect of both aerial and root extracts on proliferation of A549 cells worth to be studied in detail.

![The *in vitro* inhibition of cell growth. Dose-response analysis of 293T cells to doxorubicin-HCl. 293T cells were incubated with increasing concentrations (0.01--1000 μg/mL) of doxorubicin-HCl for 24, 48 and 72 h (A) and hydroalcoholic aerial and root extracts for 72 h (B). Cytotoxic effects of hydroalcoholic root (C) and aerial (D) extracts against A549 lung cancer cell line for 72 h. Cell proliferation was determined by MTT assay. The graphs are plotted as percent inhibition when compared with control cells. Results are representative of four independent experiments with eight replicates and are presented as mean ± SEM](PM-11-37-g001){#F1}

We examined the antiproliferative effects of hydroalcoholic extracts of aerial and root parts (0.01--1000 μg/mL) on A549 and 293T cell growth and determined the appropriate dose for these cell lines. Unfortunately, up to 20 μg/mL, none of the tested doses was found to effectively inhibit cell proliferation or induce cell death. A549 cell viability was reduced in dose dependent manner for 72 h with an IC~50~ of approximate 35.8 μg/mL for root \[[Figure 1c](#F1){ref-type="fig"}\] and 12.75 μg/mL for aerial \[[Figure 1d](#F1){ref-type="fig"}\] extracts. These findings indicated that both aerial and root extracts significantly inhibited proliferation of lung cancer cells in dose-and time-dependent manner. Based on the viability trend obtained; 20 μg/mL aerial and 40 μg/mL root extracts were chosen for subsequent experiments

According to the MTT test results, at the end of 72 h, 20 μg/mL aerial and 40 μg/mL root extracts caused 85% and 65% inhibition in growth of A549 cells, respectively \[[Figure 2](#F2){ref-type="fig"}\]. As can be seen from the percentage of the growth inhibition rates, aerial extract was found to be more effective on A549 cells than root extract.

![The effect of hydroalcoholic aerial and root extracts on cell growth of A549. Cells were treated with 20 μg/mL aerial extract (A) and 40 μg/ml root extract (B) or doxorubicin-HCl. Cell growth was determined after 72 h using MTS solution. Time 0 demonstrates the number of cells before treatment. Viability of the cells was measured by MTT assay. Each bar represents time dependent changes in viability. Results are representative of four independent experiments with eight replicates and are presented as mean ± SEM. (a and b) significantly different from the control group; *P* \< 0.01and *P* \< 0.001 respectively (c and d) significantly different from doxorubicin-HCl treated group in same incubation time *P* \< 0.05 and *P* \< 0.01.](PM-11-37-g002){#F2}

3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide assay was carried out with dually seeded cells in the same plate. The experiments were terminated in one set at the end of 24, 48 and 72 h following the application of the extracts while the others did not. Viability of the cells in the second group, which were still incubated with the extracts, was examined under an inverted microscope day by day and growth rate of these cells was also determined 1 week after extract treatment to find out whether extract-induced cell death was a late event. Interestingly, the viable cell number for A549 cell line decreased even after a week, suggesting that the impact of both aerial and root extracts was still ongoing. In terms of evaluating the success of antiproliferative effects of this plant, this is a quite important result of this study. We should mention that no decrease in the viability of cells treated with low-doses of aerial or root extracts was observed (data not shown). The results obviously demonstrate that hydroalcoholic aerial and root extracts of *E. boissieri* inhibit the growth of lung cancer cells (*P* \< 0.001). In contrast, neither aerial nor root extract of this plant inhibit the proliferation of 293T cells for doses up to 250 μg/mL (*P* \> 0.05). Given the fact that no cytotoxic effects were observed against normal cells, our data clearly indicates that *E. boissieri* exert a selective antiproliferative activity against lung cancer cells

To clarify the effects of hydroalcoholic aerial and root extracts of *E. boissieri* in normal (293T) and tumor cell (A549) growth, cells were plated on 12-well plates (50,000 cells/well) and 36 h after plating, treated with 20 μg/mL aerial and 40 μg/mL root extracts (in medium supplemented with 1% FBS, with eight repeats of each treatment). The number of dead cells was determined 72 h after the treatment using the trypan blue exclusion assay. The percent decrease in cell survival was calculated for each independent experiment, and the average of five experiments is shown in [Table 1](#T1){ref-type="table"}. As shown in [Figure 3](#F3){ref-type="fig"}, the number of live 293T cells did not change in either aerial or root extract treated group. The number of live A549 cells decreased in both extracts treated group \[[Figure 4](#F4){ref-type="fig"}\]. The total cell number was also changed by this treatment, which indicates that extracts not only induce cell death, but also inhibit cell proliferation. Comparing the microscopic images cell death was observable with the abundance of seemingly condensed apoptotic cells and cell fragments in aerial extract-treated group as well as in the group treated with root extract. Using live/dead viability assay as a marker of both viable and nonviable cells, similar results were obtained \[[Table 2](#T2){ref-type="table"}\].

###### 

Cummulative results of tryphan blue exclusion test^a^

![](PM-11-37-g003)

![293T cells were seeded in 12-well plates (50,000 cells/well) and the number of live and dead cells was determined by the tryphan blue exclusion test and the cells were examined at the end of 72 h. Appearances of the cells untreated (A: Control) and treated (B: Doxorubicin-HCl, C: Aerial extract, D: Root extract) were photographed under a contrast phase microscope (Olympus-IX71)](PM-11-37-g004){#F3}

![A549 cells were seeded in 12-well plates (50,000 cells/well) and the number of live and dead cells was determined by the tryphan blue exclusion test. Appearances of the cells untreated (A: Control) and treated (B: Doxorubicin-HCl, C: Aerial extract, D: Root extract) were photographed under a contrast phase microscope (Olympus-IX71) at the end of 72 h](PM-11-37-g005){#F4}

###### 

Cummulative results of live-dead cell viability assay^a^

![](PM-11-37-g006)

Effects of aerial and root extracts on expression of apoptosis-related proteins {#sec2-13}
-------------------------------------------------------------------------------

There was a time-dependent increase in all caspase activity, suggesting that extracts induce cells to undergo apoptosis. The effect of both aerial and root extracts on the activity of the initiator caspase-2, 8 and 9 as well as the executioner caspase-3 and 6 are shown in Figure [5a](#F5){ref-type="fig"} and [b](#F5){ref-type="fig"}. According to the assay results, the activities of all tested caspases were higher after aerial extract (20 μg/mL) than that of root extract (40 μg/mL) treatment for 72 h in A549 cells. The increase in all caspase activity suggests that extracts induce cells to undergo apoptosis (*P* \< 0.01).

![Effects of aerial and root extracts on expression of apoptosis-related proteins. Both aerial (A) and root (B) extracts induced all caspases activation in lung cancer cells. 5 μmol/mL of reversible aldehyde inhibitors, were used to confirm that the observed fluorescence signal in cell population is due to the activity of caspase-like proteases. TNF-α (C) and IFN-γ (D) protein expression is significantly induced in the cells. The expression of TNF-α and IFN-γ in A549 cells following treatment for 72 h with aqueous aerial or root extracts was determined by ELISA. Each data value indicates the mean ± SEM of four independent experiments. \*\* *P* \< 0.01 and \*\*\* *P* \< 0.001, significantly different as compared to the control group; Student\'s *t*-test](PM-11-37-g007){#F5}

Since cytokines play a prominent role in the development of both inflammatory and apoptotic responses, we investigated the effects of aerial and root extracts of *E. boissieri* on TNF-α, IFN-γ and IL-2 expressions by an enzyme-linked immunosorbent assay according to the indication of the manufacturer. Both 20 μg/ml of aerial and 40 μg/ml of root extracts allowed the production of anticancer cytokines if any, in A549 cell culture supernatants. No significant differences (*P* \> 0.05) in IL-2 levels were found between both aerial and root extract treated and untreated A549 cells while the levels of TNF-α and IFN-γ showed considerable increase (*P* \< 0.001 and *P* \< 0.01, respectively) in A549 culture supernatants treated with either aerial or root extract in comparison with the control group (untreated cells) \[Figure [5c](#F5){ref-type="fig"} and [d](#F5){ref-type="fig"}\]. Similarly, western blot analysis clearly shows that incubation of A549 cells resulted in increased expression of TNF-α and IFN-γ at protein levels whereas IL-2 expressions did not change \[[Figure 6](#F6){ref-type="fig"}\].

![Lysates from A549 cells were incubated with 20 μg/mL aerial (Lane 2) or 40 μg/mL root (Lane 3) extracts were analyzed by Western blotting for caspase-3, TNF-α and IFN-γ protein expression levels. Aerial- or root-treated cells show cleaved (activated) caspase-3, whereas untreated (Lane 1) cells have no cleaved caspase-3. β-actin was used as internal control](PM-11-37-g008){#F6}

DISCUSSION {#sec1-4}
==========

Cancer is one of the major causes of death worldwide and especially, the lung cancer has become the leading cause of cancer-related death due to its high incidence, rapid progression, and poor prognosis.\[[@ref2][@ref11]\] Currently, conventional treatments such as chemotherapy and radiotherapy have been widely used for treatment of lung cancer. However, anti-tumor drugs used in these treatments have serious side effects.\[[@ref12]\] Therefore, extensive attentions have been paid to develop plant-derived new drugs for the treatment of lung cancer.\[[@ref2]\]

Recently, a number of studies have reported both *in vitro* and *in vivo* beneficial effects of herbal medicines in cancer treatments.\[[@ref13][@ref14][@ref15][@ref16]\] The members of Fabaceae family have been shown to inhibit different types of cancer cells.\[[@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] *Ebenus* species also belongs to Fabaceae family. However, there is no report of *Ebenus* sp. displaying an antitumoreffect and having apoptosis inducing activity on cancer cells.

Programmed cell death or apoptosis plays the vital role in many physiological and developmental stages as well as tissue homeostasis to control the cell number.\[[@ref24]\] The induction of cell apoptosis and targeting apoptotic pathways are attractive approaches for the treatment of cancer.\[[@ref25]\] Screening of medicinal plants and plant derived products as potential inducers of apoptosis have become the major strategy in anticancer drug research. The present study was focused on the ability of the *E. boissieri* aerial and root extracts for the first time in influencing the process of apoptosis and their anti-proliferative activity in lung adenocarcinoma A549 cells and normal human embryo kidney 293T cells. It is well known that 293 T cells are used in *in vitro* experiments as a more closely resemble of noncancerous cells. We found that both aerial and root extracts significantly inhibited the proliferation of lung cancer cells while 293T cells were almost insensitive after all incubation periods. The anti-proliferative effect was evaluated by MTT reduction assay. Many herbals and phytochemicals have been reported for their cytoprotective effect using MTT assay.\[[@ref26]\] The criterion of cytotoxic activity for the extracts having potential anticancer activity as established by the American National Cancer Institute is an IC~50~ \< 30 μg/mL in the preliminary assay.\[[@ref27]\] Since the IC~50~ concentration of the aerial extract in A549 cell line was 12.75 μg/mL therefore it is potent as anticancer therapeutic agent.

Some cytotoxic agents cause apoptosis via activating the mitochondrial pathway. Cytochrome c is an important element of this pathway. During apoptotic process, cytochrome c is released from mitochondria to the cytosol. There it forms a complex with Apaf-1, which subsequently activates caspase-9. Finally, this results in activation of caspase-3, which is essential for typical characteristics of apoptosis such as degradation of cellular proteins, cell shrinkage, DNA fragmentation, loss of plasma membrane potential and membrane blebbing.\[[@ref28][@ref29][@ref30][@ref31]\] Caspases have potential as therapeutic target due to their crucial role in apoptosis. For A549 cells, exposure to aerial and root extracts of *E. boissieri* led to induction of activity of all the caspases studied (2, 3, 6, 8 and 9), while significant increase was observed in the activity of caspase-3. Moreover, lysates of treated cells were subjected to Western blot analysis and the results showed that the protein expression of the activepro-caspase-3 was significantly decreased due to transform to active form, associated with the disappearance of inactive pro-caspase-3. To confirm whether induction of apoptosis is actually due to caspase-3 activation, studies using specific inhibitor of caspase-3 were conducted and revealed asignificant reduction in the induction of extract-mediated apoptosis given the fact that the ability of extracts of *E. boissieri* to induce apoptosis in A549 cells. According to these results the extracts of *E. boissieri* will be a promising candidate for lung cancer treatment.

Alterations in cytokine production have been observed in different human diseases as in neoplasia,\[[@ref32]\] rheumatoid arthritis,\[[@ref33]\] diabetes,\[[@ref34]\] asthma and allergy\[[@ref35][@ref36]\] and cardiovascular diseases.\[[@ref37]\] TNF and certain interleukins have been included in carcinogenesis.\[[@ref38]\] TNF-α has a synergistic effect with IFN-γ and both of them have been shown to induce apoptosis by activating of the caspase cascade in many cancer cell types.\[[@ref39][@ref40]\] We examined the potential effects of aerial and root extracts on TNF-α and IFN-γ concentrations on account of their roles in the activation of apoptosis. The data presented here demonstrate for the first time that *E. boissieri* aerial parts extract exhibited a high anti-proliferative activity and were a potent inducer for the immunoregulatory cytokines TNF-α and IFN-γ in A549 lung cancer cells. The activation of TNF-α expression by the aerial parts extract in lung cancer cells most likely occurs with the involvement of increased expression of IFN-γ that directly binds to caspases. However, we did not detect any significant amount secreted of IL-2 protein after treatment A549 cells by either aerial or root extracts for 72 h. Our results showed both aerial and root extract appear to be nontoxic to normal 293T cells when compared to their effects on lung cancer cells and hence, we did not record any induction in secretion of TNF-α, IFN-γ and IL-2 in 293T cells.

CONCLUSION {#sec1-5}
==========

The potential anticancer activity of *E. boissieri* extracts against lung cancer cells was investigated in this *in vitro* experimental study, for the first time. Taken together, the results in this study revealed that hydroalcoholic extracts of *E. boissieri* induce apoptosis in lung cancer cells by altering the amount of caspase-3, TNF-α and IFN-γ. Though the active components and precise mode of action of this plant are not yet ascertained, its potential anti-tumor and immunomodulatory activity, along with the selectivity against cancer cells observed *in vitro*, suggest that hydroalcoholic extracts from the aerial parts and roots of this plant are worth additional studies. Further chemical and pharmacological investigations to identify the active constituents of this plant and also to screen their mechanisms of action are recommended for anticancer drug discovery.

This work was supported by The Scientific Research Project Coordination Unit of Akdeniz University (Project no: 2012.06.0115.032) and Akdeniz University, Science Faculty, Department of Biology. We are grateful to Akdeniz University, Medicine Faculty, Department of Histology and Embryology for the permission and technical support in the use of the contrast phase microscope (Olympus-IX71).

**Source of Support:** This work was supported by The Scientific Research Project Coordination Unit of Akdeniz University (Project no: 2012.06.0115.032) and Akdeniz University, Science Faculty, Department of Biology

**Conflict of Interest:** None declared.
